Abstract Most surgeons believe that Asians have a low risk of developing venous thromboembolism (VTE) and routine thromboprophylaxis therapy is not required after major orthopaedic trauma. This study evaluates the postoperative risk of VTE in Indian patients sustaining pelviacetabular injury. Fifty-six patients with pelvi-acetabular injury, who underwent open reduction and internal fixation, were prospectively evaluated for VTE in the postoperative period. They were evaluated, both clinically and radiologically (pulmonary CT angiography and indirect venography of lower limb and pelvis veins), until six weeks after surgery. A total of 16 patients developed VTE, of which 12 had proximal deep vein thrombosis (DVT), ten had pulmonary embolism (PE) and only two had distal DVT. Six patients with proximal DVT had associated PE. The risk of development of VTE among Indian patients after pelvi-acetabular injury is high (28.6%) with increasing chances of proximal DVT and PE; hence, administration of routine thromboprophylaxis is fully justified in them.
Introduction
Venous thromboembolism (VTE) is a broad term that encompasses both deep vein thrombosis (DVT) in extremities/pelvic veins and pulmonary embolism (PE). Major orthopaedic trauma is a high risk factor for development of VTE. The reported incidence of DVT and PE in these patients varies from 30 to 80% and 0.5 to 2% depending on the type of injury, patient profile and diagnosis [8, 15, 23, 28] . However these studies are mainly based on western literature. The few studies available on Asian populations show a wide variation in the incidence of VTE (0-72%). While few studies on Asians patients undergoing high risk operations (total hip replacement, total knee replacement, hip fractures) report incidence of VTE equivalent to western literature (up to 62.5%), most studies report a very low incidence and advise against routine chemoprophylaxis in this population [1, 2, 4, 6, 20, 22, 29] . Some workers have shown that even established thrombi in Asian patients resolve spontaneously without any long-term consequences [13, 14] . Some recent studies report an increasing incidence of VTE in the Indian subcontinent [11, 16] . The increased incidence is attributed to increased life expectancy, changing lifestyle and better methods of diagnosis [16] .
A study based on VTE risk associated with major trauma in Asian patients is lacking and most of the centres still do not provide routine thromboprophylaxis in these patients [35] . This prospective study evaluates the risk of VTE after pelvi-acetabular surgery in the Indian population.
Materials and methods
A two-year (from January 2008 to December 2009) prospective study was performed in our level I trauma centre to evaluate the risk of development of VTE in the postoperative period among Indian patients (<65 years) sustaining pelvi-acetabular injury. Patients with renal failure, allergies to dye, high risk candidates for VTE such as myocardial infarction, nephritic syndrome, hormone replacement therapy or oral contraceptive pills, underlying malignancy and systemic vascular diseases were excluded. The patients with associated femur, tibia or spine injury or vascular injury receiving heparin therapy were also excluded. A total of 56 patients were included in this study. Eleven of these had 13 associated injuries (two clavicle fractures, two humerus fractures, two Galleazi or Monteggia fracture dislocations, one both-bone forearm fracture, one scapula fracture, one shoulder dislocation, two metatarsal fractures, and two patella fractures).
As soon as these patients arrived at our emergency service, adequate resuscitation and haemodynamic stability was achieved. They were closely monitored for their vital parameters (blood pressure, pulse rate, respiration rate, and urine output). Those patients who had fracture dislocations underwent urgent reduction followed by skin/skeletal traction. Early active and passive physiotherapy was started as tolerated by the patients. Routine investigations (full blood counts, renal and liver function tests, coagulation profile, and arterial blood gas analysis) were performed. A detailed history was taken and clinical and specific laboratory investigations were conducted to exclude any risk factors of VTE. After obtaining their consent, these patients were enrolled into the study.
The patients were operated upon as soon as they were fit for the surgery. No mechanical or chemical prophylaxis was administered in the postoperative period. They were evaluated daily for signs and symptoms of VTE, during their course in hospital. Clinical evaluation for DVT was done with particular attention to recent onset lower limb swelling, calf tenderness and Homan"s sign. Similarly, patients with breathing difficulty, pleuritic chest pain, and pleural rub were evaluated for underlying PE.
Those patients having no clinical evidence of VTE were evaluated by pulmonary angiography and indirect CT venography on the fifth (±2) day after surgery for radiological evidence of VTE. A contrast study using 16-slice spiral CT (Siemens-Sensation) and 130 ml of nonionic dye infused at a rate of 2 ml per second was performed. A venous phase study was obtained after a total delay of 180 seconds. Films were evaluated by expert radiologists for any evidence of VTE. Those patients having evidence of VTE were treated as per American College of Chest Physicians (ACCP) guidelines [9] .
Patients suspected of VTE on clinical grounds underwent pulmonary angiography and indirect CT venography on the same day and those found positive were treated as per the above guidelines.
All these patients were discharged after suture removal and complete stabilisation. Patients were followed up by direct questioning over telephone up to six weeks after hospital discharge with regard to any complaint suggestive of VTE. When VTE was suspected from history, patients were evaluated clinically and by colour Doppler (Philips ALT) in the out-patient department as early as possible.
Patients not having any complaint suggestive of VTE were routinely evaluated by colour duplex at the end of six weeks from hospital discharge for evidence of DVT in bilateral calf, thigh and pelvic veins. The same protocol was used to monitor response to therapy in patients diagnosed with VTE during initial screening. All the radiological investigations were performed and assessed by a senior radiologist. Those patients found to have radiological evidence of DVT were treated as per ACCP guidelines [12] .
Results
The average age of the patients was 36.42 years (range, 17-61). There were 48 males and eight females. The fracture distributions of the patients were as noted in Table 1 . The acetabular fractures were also classified as per Letournel; and on frequency distribution, bicolumnar fractures (28.6%) and transverse with posterior wall fractures (21.4%) were found to be most frequent types. The mean delay between injury and surgery in this study was 12.2 days.
During the course in hospital, six patients had clinical evidence of VTE (one chest pain, two calf tenderness, two thigh tenderness and one fever) and 15 patients (26.8%) had radiological evidence of VTE. The thrombi were classified to be proximal if they were found in the popliteal or more proximal vein and distal if they involved tibial or calf muscle veins. Two patients had distal DVT with associated proximal DVT and only one had associated PE. A total of 11 patients had acute proximal DVT (19.6%) and six of these had PE (54.5%) (Fig. 1) . Three patients had bilateral proximal DVT with presence of thrombus also in the uninjured limb. However, none of the patients had thrombus in the isolated uninjured limb. Pulmonary embolism was detected in ten out of 56 patients (17.85%) (Fig. 2) . In four cases of PE, no DVT locus was identified; two of these cases had clinical evidence of distal DVT.
In between hospital discharge and six weeks follow-up, only one additional patient had radiological and clinical evidence of proximal vein DVT. One other patient with limb oedema on clinical examination did not have colour Doppler evidence of DVT.
In total, 16 cases of radiologically proved VTE were observed during the study period (28.6%). Clinical VTE was seen in six of these cases (37%). Complete resolution of thrombus was noted in all patients undergoing evaluation by colour Doppler at six weeks and no death occurred during the study period from any cause. There was no difference among the two groups in relation to age, sex, and duration between injury and surgery (P=0.471).
Discussion
VTE after major trauma is the most common cause of morbidity and mortality in patients who survive the first 24 hours [8, 28] . Though routine chemoprophylaxis is provided to all such patients in western nations, its use in the Asian population is still lacking because a proper study on these populations has not been performed to date. With increasing incidence of high velocity injuries, the numbers of pelviacetabular fractures are also rising in Asian countries. These cases are now increasingly being treated surgically [10, 17] . However, no one has ever estimated the risk of VTE in this population after surgery. This is the first study based on VTE in pelvi-acetabular injury among the Indian population.
ACCP reports that prevalence of VTE in trauma is higher than arthroplasty [9] . Furthermore, the pathophysiology of VTE in trauma is different from elective surgery and most thrombi in these patients are proximal [8, 24, 28] . Pelvi-acetabular fractures result from high velocity trauma, associated with injury to vascular structures around the hip and require prolonged immobilisation [8, 24] . Subsequent manipulation during surgery causes further insult to the vascular endothelium [8] . According to western literature, [7, 25] the incidence of DVT in pelvi-acetabular injuries varies from 10 to 60% and about 50% of these thrombi involve proximal veins [8, 23, 24, 28, [32] [33] [34] . As 95% of pulmonary emboli originate in proximal veins and more than 50% of patients with proximal thrombosis develop pulmonary embolism, pulmonary embolism is more likely with pelvi-acetabular injuries when compared to general trauma patients [27] . Incidence of PE in pelvi-acetabular injuries ranges from 2 to 10% compared to an overall incidence of 0.5 to 2% in trauma patients and is the most common cause of death in the postoperative period [37] . Patients with associated injuries which are independent risk factors for VTE [8] (long bone lower limb injuries, spinal injuries and blunt trauma to abdomen or chest) and predisposing medical conditions [9] have been excluded from this study. Therefore we expect that our results reflect the true risk of VTE attributable to pelvi-acetabular trauma and consequent surgery per se. The results of our study have been compared to other major studies of VTE in pelvi-acetabular trauma patients (Tables 1 and 2) . Comparison with other studies is however challenging due to differences in patient profiles, diagnostic modality used and aspects of VTE studied. Even after excluding all other risk factors of VTE, the demographic profile of patients in our study is not different from other studies. The mean age of patients in our study is similar to those of patients in other studies. Compared to other studies we have fewer females in this study, but sex of the patient has not been shown to be a factor influencing the rate of VTE. Unlike other studies no prophylaxis was administered in our patients, and hence it truly reveals the incidence of VTE in these particular patients.
Colour Doppler as the diagnostic modality has been observed to be insensitive in diagnosing pelvic thrombi [3, 25, 26] . Most thrombi occurring after pelvi-acetabular injuries are proximal and up to 30% of thrombi in these patients involve pelvic veins [8] . Both Fishmann et al. and Steel et al. used colour Doppler, and low rate of VTE reported in their studies may be due to this factor [7, 34] . Geerts et al. used conventional venography, though considered to be the gold standard in diagnosis of DVT, it has been found to be false negative in 58% of cases of pelvic thrombi [25] . Magnetic resonance venography (MRV) is a non invasive test with sensitivity and specificity of 100% and 97%, respectively [3] ; however, it can detect very small thrombi which may not be clinically significant [32] . When using any of the above modalities, a second test is required to diagnose PE. None of the previous studies used routine screening of patients for PE. Since some of the thrombi can form in pulmonary artery [36] and PE frequently remains asymptomatic, it is likely that some important VTE events have been missed by all the previous studies.
CT pulmonary angiography and indirect venography (CTVPA) is a new protocol introduced in 1998 [18] . It has been shown to be highly sensitive and detects both pulmonary embolism and deep venous thrombosis using same contrast in the circulation. The method is being increasingly used as a 'single stop' investigation for VTE [12] . Though it has never been compared to conventional venography (rarely performed today), compared to lower limb sonography it is 97% sensitive and 100% specific in detecting femoral-popliteal thrombus [19] . In addition, it detects pelvic and venacaval thrombi which are not Fig. 2 Radiographs of a 42-year-old male showing left acetabulum fracture that was treated by open reduction and internal fixation with recon plates. Postoperative CT pulmonary angiography and indirect venography shows saddle embolus at the left pulmonary trunk compared with normal pulmonary trunk on right side detected by sonography. This technique has not been used earlier to study VTE in pelvi-acetabular injury patients. Using this method in this study, we diagnosed 15 cases of acute postoperative VTE (11 cases of proximal DVT, 19.6%; and ten cases of PE, 17.8%). VTE was suspected clinically in only six of the 15 patients (40%) and was confirmed in all of them by radiological study.
Presence of proximal DVT is of more significance because of its potential to cause pulmonary embolism [27] . The rate of proximal DVT in this study (19.6%) was slightly less than that reported by Geerts et al. and Montgomery et al. (29% and 34%, respectively) [8, 25] . This difference can be due to risk stratification used in our study. However, 54.5% of these patients had associated PE, which is almost equivalent to that reported by Moser and Steel [27, 34] . Three patients with proximal DVT had bilateral thrombi, with unilateral limb injury, and no case of isolated thrombi to uninjured limb was found in this study. In a study of Montgomery et al., 12% of the thrombi were bilateral and 12% of thrombi involved only the uninjured limb [25] . Thrombus formation in uninjured limbs is due to procoagulant environment in post trauma patients, contributed by release of tissue factors, decreased Antithrombin III, release of acute phase reactants from liver and unregulated Thrombin formation [21, 24, 31] .
Diagnosis of PE in previous studies was mainly based on clinical features and had reported lower incidence (0-2%). The apparently high rate of PE in this study (17.85%) could be explained by the universal screening of all patients with CT angiography. Out of ten cases of PE diagnosed in this study, only one had a clinical sign (chest pain). Routine screening of patients for PE led to diagnosis of nine clinically silent PE and hence avoided mortality. Four cases of PE had isolated involvement without any evidence of DVT, which would have been missed with routine screening of lower limb only. Using CT pulmonary angiography and indirect venography, Velmahos et al. reported 19% incidence of PE and 7% incidence of DVT in 247 patients sustaining major trauma [36] . They suggested that some of the thrombus in pulmonary circulation are not related to DVT and may arise denovo.
DVT can occur up to six weeks after hospital discharge [9] and some studies suggest that most DVT occur after discharge from hospital [5, 30] . We evaluated all our patients until the end of six weeks with colour Doppler, as it is an ideal diagnostic tool for out-patients. Late onset DVT has not been studied before by any other study on pelvi-acetabular trauma patients. Stannard et al. reported one case of late onset DVT developing after negative postoperative MRV; however, they did not screen patients routinely for DVT after hospital discharge [32] .
Sensitivity of clinical signs for VTE in this study (37%) is similar to other studies on trauma patients [28] . None of the patients in the study of Montgomery et al. had clinical signs of DVT and one patient was suspected to have PE on pulse oxymetry [25] . Geerts et al. reported clinical VTE in We did not find any association between delay in surgery and the risk of VTE (P=0.471), a finding similar to Steel et al. [34] . However, Montgomery et al. and Stannard et al. reported significant association of VTE with prolonged period of immobilisation, which fits with current understanding of VTE pathogenesis [24, 33] . Our findings cannot be compared to those of Montgomery et al. as they studied VTE rates in the preoperative period. The surgery and subsequent manipulation in trauma patients increases the VTE risk [28] . We also did not find any correlation between VTE and age and sex.
A limitation of this study is the small sample size. However, as a pilot study, we conclude that Indian patients sustaining pelvi-acetabular trauma have significant risk of postoperative VTE, even in the absence of any associated injury or predisposing medical condition. Most of these are located in proximal veins which have high propensity to develop PE. Administration of routine thromboprophylaxis is fully justified in these patients.
